Technological evolution is merely based upon the design and fabrication of advanced functional materials with remarkable efficiency, sustainability and cyclability. Grain size and shape of the supported nanoparticles significantly relate the reactivity and available surface sites in the nanohybrids, whereas the interfacial integration is the core point for catalysis. Herein, we synthesized pure phase 
Introduction
Increasing environmental concerns for the elimination of health hazards and toxic compounds from water have become vibrant and revolutionized the concept of new functional materials for facile and fast treatment of contaminated water. 1 Nanotechnology deals with the use of advanced functional materials and hybrids at such a small size that cause enormous variations in the physical characteristics of the material as compared to bulk moieties. 2 The manipulation of the nanomaterials' morphology and the preparation of the hybrids or hetero-junctions with two different materials have been performed to impart specific enhanced performances for a variety of research fields including environmental catalysis, electronic devices, magnetic storage and sensors. 3−7 Each step, regarding the design of new functional materials from precursors to chemical treatment and subsequent calcination, is critical as it may implicate the new behaviors in certain properties of the final hybrid materials. Therefore, a convenient approach to scheme the material is always required to get better efficiency. Graphene oxide (GO) being component of carbon family has attracted more attentions of researchers due to high electron conductivity, thermal, chemical and mechanical stability, and flexibility. 8−9 It not only served as the catalyst support, but also had potential applications in the design of hybrid devices. 10−12 One of the critical steps in the design of GO-based advanced hybrid materials is the functionalization/decoration of GO with nanoparticles of metals or metal oxides. 13 This can improve the materials' intrinsic response by the control of homogeneity in size, morphology and dispersion of the metal or metal oxide components decorated on the basal GO. 14 Cobalt oxide being a highly researched component of spinel crystal group has potential as the catalyst for electrochemical/photochemical oxygen reduction reaction (ORR), oxygen evolution reaction (OER) and gas sensing behavior, not only in pure but in hybrid form as well. 15−16 Cobalt oxide in undoped, doped form and as fusion nanostructure with graphene 17 and its derivatives (GO, RGO) have been studied extensively to explore electrochemical performance especially for supercapacitors and conversion of electrochemical energy. 18−20 For most of the bimetallic catalytic reactions, the size and interfacial interaction of metal-metal and metal oxides with the support is linearly related to the activity regulating the reactivity of the catalyst under consideration. 21 Cobalt oxide similar to other spinel crystal (cubic closed packing) materials offered the compositional diversity as it can accommodate other transition metal cations (based upon ionic radii) 22−23 without deformation of the lattice and causing dislocation in grain structure. 24 Dispersion of electrons within cations of two sub lattices (tetrahedral and octahedral) causes special features as more surface atoms are actively available for reaction sites and redox action. 25 
Material characterization
Miniflex 600 X-ray diffractometer with monochromatic Cu-Kα radiation (λ = 0.1542 nm, accelerating voltage 40 kV, applied current 15 mA) was used to obtain powdered XRD patterns of the prepared nanohybrids at scanning rate of 1 ° min −1 . Scanning electron microscopy (SEM) instrument (JSM-7800F, Japan) was used for the morphology and composition analysis. The microstructure and crystalline data was taken by performing transmission electron microscopy (TEM) on a JEM-2100 electron microscope operating at 200 kV. UV-Vis Spectra were recorded with a Hitachi U-3900 spectrometer in the range of 200-600 nm. The XPS measurements were carried out on an X-ray photoelectron spectrometer (ESCALAB250Xi) using Al Kα (1486.6 eV) X-rays as the excitation source. The C 1s (284.5 eV) was chosen as the reference.
Catalytic experiments for 4-nitrophenol removal
The batch reaction has been executed under controlled conditions to evaluate the catalytic performance of the resultant nanohybrids. Typically, a jacketed glass vessel with 100 mL capacity was filled with aqueous 4-nitrophenol solution (5 mmol L −1 ) and perfectly stirred to achieve a homogenous solution.
Pure Co 3 O 4 and flowers decorated RGO nanohybrids (Co 3-x Zn x O 4 /RGO (x = 0.25, 0.5)) in a quantity of 0.01 g were added in the solution under vigorous stirring, while keeping the temperature at 25 o C in bath. Before addition of catalyst, pure absorbance for 4-nitrophenol was taken using UV−Vis spectrophotometer. Subsequently to adding the catalyst, the absorbance was monitored continuously and 2 mL sampling was done, quickly filtered and subjected to UV measurements. The variation in concentration was assessed from the characteristics absorbance maximum of 4-nitrophenol at 317 nm. Catalyst loading varied from 0.01 to 0.1 g while keeping the concentration of 4-nitrophenol as 5 mmol L −1 in the initial solution.
Results and discussion
The crystal phase purity and crystalline parameters can be observed in the X-ray diffraction (XRD) patterns of the hybrid nanostructures as in Figure 1a . It can be clearly compared that main crystal structure is cubic (fcc) spinel with (311) (Figure 1b) having similar ionic radius.
Furthermore, no peak is available for GO or RGO at ~ 2-theta of 10 o or 26 o respectively for both, which further confirmed the integrity of cobalt zinc ions loading onto two dimensional RGO. Larger intensity and wider peaks represent well crystalline structure and small crystal size. Based on the Scherrer method, the crystal sizes lie in the range of 7 to 16 ± 2 nm. ). For pure Co 3 O 4 , it could assume a monolayer adsorption leading to more layers but inflection pressure is similar to the saturation pressure that inhibits the adsorption of more molecules. This BET analysis of data points towards the enhanced catalytic activity of the nanohybrids as more material can be adsorbed ascribed to the increased bonding interaction between the reactants and catalytic surface. Figure 2 gives the morphological features of the materials synthesized by a simple approach. As the particle surface and shape implicates diverse characteristics to the materials, we tried Figure S1 shows the overall XPS spectra for Co 3-x Zn x O 4 /RGO (x = 0.5) sample. As a whole, we can observe the presence of four elements, namely, Co, O, C and Zn. 
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The most important and noteworthy thing related to the reaction is the absence of any oxidizing or reducing agent for removal of 4-nitrophenol, while many reports for the catalytic removal of 4-nitrophenol presented reductive catalytic removal or oxidizing agent assisted degradation of 4-nitrophenol. Figure  S3 shows the effect of catalyst amounts on the reaction performance for a fixed initial concentration. As observed, increasing the amount of the catalyst, one proliferates the rate of reaction supporting the presence of more energetic adsorption sites that can expedite more in the speed up of reaction but the surge was limited to a point after which no significant rise was observed. The decrease in the catalytic effect with rise in loading can be subjected to the intercalation of multilayers of decorated RGO, which hinders the diffusion of the reactant onto the surface and reduce the efficiency. Further kinetic data was evaluated for different reaction models and well fitted with zero order kinetics as shown in the inset of Figure 5d . The rate constant comes out to be 9.74 (mol/L) min −1 . This value is much 39 In addition, the nanoflowers are composed of small grains with different sizes, so a large number of grain boundaries can serve as resourceful charge columns/pile ups to cause efficient redox reactions. Furthermore, we have analyzed the cyclability of the catalytic performance after washing the filtered catalyst, as shown in Figure S4 . A sustained behavior in the concentration factor can be observed, concluding that the catalyst is reusable even after 5 times of cycles. This continued response of the catalysts speculates the sustainable process and will be an important addition in the significance of designing the advanced functional materials as efficient catalyst.
Conclusions
The present report focused on a morphology enriched functionality in Zn-doped Co 3 O 4 on reduced GO. High purity oxide nanoflowers with small grain sizes (7~16±2 nm) grown certainly on two dimensional RGO structures. This oriented attachment of bimetallic oxide nanoflowers on RGO with high integrity and interfacial area served as extremely active catalysts for the removal of toxic nitrophenol from water. The Zn cations were doped successfully in the pristine lattice of Co 3 cations, results in enhanced activity of the hybrid as a catalyst at 
